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(57) ABSTRACT

A lifting apparatus includes an upper frame, a base frame, a
link mechanism for connecting the upper frame and the base
frame, and a linear actuator connected to the link mechanism
for driving the link mechanism. The link mechanism includes
at least a T-shaped first arm slidably supported on the base
frame or the upper frame and provided with connections at
four points, and an -shaped second arm provided with con-
nections at three points.
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LIFTING APPARATUS AND BED PROVIDED
WITH THE SAME

BACKGROUND OF THE INVENTION

The present invention relates to a lifting apparatus for
converting a linear action by a linear actuator into a linear
action in a different direction, and a bed provided with the
same.

There is a lifting apparatus for linearly lifting and lowering
a heavy item (for example, refer to Patent Literature 1 (JP
7-8481 A)). This lifting apparatus is formed by, for example,
a linear actuator including an excellent thrust force and an
X-shaped link structure.

FIG. 6 shows a configuration view of the conventional
lifting apparatus described in Patent Literature 1.

As shown in FIG. 6, a lifting apparatus 70 is formed by a
foundation 71, a top plate 72, linear arms 74, 76, and a linear
actuator 77. One end of the linear arm 74 is rotatably con-
nected to the foundation 71, and the other end is connected
slidably in a groove 73 of the top plate 72. One end of the
linear arm 76 is rotatably connected to the top plate 72, the
other end is connected slidably in a groove 75 of the founda-
tion 71, and a center part is rotatably connected to the linear
arm 74. One end of the linear actuator 77 is connected to the
foundation 71, and the other end is connected to the linear arm
76. This lifting apparatus 70 is a mechanism of lifting and
lowering the top plate 72 vertically with respect to the foun-
dation 71.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a lifting
apparatus in which a load applied to an actuator is as constant
as possible without depending on a distance between an upper
frame (top plate) and a base frame (foundation), and a bed
provided with the same.

In accomplishing these and other aspects, according to one
aspect of the present invention, there is provided a lifting
apparatus comprising a link mechanism lifting and lowering
an upper frame with respect to a base frame, wherein

the link mechanism comprises:

afirstarm slidably supported on the base frame or the upper
frame, the first arm including first, second, and third
connections placed on a first straight line in order, and a
fourth connection positioned on a second straight line
which is inclined by a predetermined angle with respect
to the first straight line from the second connection;

a second arm including fifth and sixth connections, and a
seventh connection positioned on a fourth straight line
which is inclined by a predetermined angle with respect
to a third straight line connecting the fifth and sixth
connections, the fourth straight line passing through the
sixth connection; and

a fifth arm connected to the fourth connection of the first
arm,

the second connection of the first arm and the sixth con-
nection of the second arm are rotatably connected,

a linear actuator has one end connected to the fifth connec-
tion and the other end connected to the seventh connec-
tion of the second arm, and

by driving the link mechanism with using the linear actua-
tor, the upper frame is relatively lifted and lowered with
respect to the base frame.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects and features of the present inven-
tion will become clear from the following description taken in
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conjunction with the embodiments thereof with reference to
the accompanying drawings, in which:

FIG. 1A is a configuration view of a lifting apparatus in an
embodiment of the present invention;

FIG. 1B is a configuration view of the lifting apparatus in
the embodiment of the present invention;

FIG. 2 is a view showing size definition of the lifting
apparatus in the embodiment;

FIG. 3 is a perspective view showing a separation state of a
separation type bed in which the lifting apparatus of the
embodiment is used;

FIG. 4A is a perspective view showing a bed state of the
separation type bed in which the lifting apparatus of the
embodiment is used;

FIG. 4B is a detailed segmentary view of the bed state of the
separation type bed of the embodiment;

FIG. 4C is a segmentary plan view of the bed state of the
separation type bed in the embodiment;

FIG. 5A is a view showing a lifting apparatus of a first
different configuration in the embodiment;

FIG. 5B is a view showing a lifting apparatus of a second
different configuration in the embodiment; and

FIG. 6 is a configuration view of a conventional lifting
apparatus.

DESCRIPTION OF THE EMBODIMENTS

Hereinafter, an embodiment of the present invention will
be described with reference to the drawings. It should be
noted that the same constituent elements will be given the
same reference numerals, and description thereof will be
omitted in some cases. For easy understanding, the drawings
are schematic focusing on the constituent elements.

Embodiment

FIG. 1A is a configuration view of a lifting state of a lifting
apparatus 10 according to one embodiment of the present
invention. FIG. 1B is a configuration view of a lowering state
of'the lifting apparatus 10, and FIG. 2 is a view showing size
definition of the lifting apparatus 10.

As shown in FIGS. 1A and 13, the lifting apparatus 10 of
the embodiment is a lifting apparatus for lifting and lowering
anupper frame 11 with respect to a base frame 12. This lifting
apparatus 10 includes at least the base frame 12, the upper
frame 11, a linear actuator 18, and a link mechanism 80.

The link mechanism 80 includes a first arm 13, a second
arm 14, a third arm 15, a fourth arm 16, and a fifth arm 17 as
one example. The first arm 13 is one example of a driving side
T-shaped arm, and the second arm 14 is one example of a
driving side L-shaped arm. The third arm 15 is one example of
a driven side T-shaped arm, the fourth arm 16 is one example
of a driven side I-shaped arm, and the fifth arm 17 is one
example of a rod shape conjunction arm.

The upper frame 11 includes a first protruding portion 22a
fixed to a front end thereof, a second protruding portion 21a
fixed in the vicinity of the first protruding portion 22a, a third
protruding portion 274 fixed to a portion behind the second
protruding portion 21a, and a fourth protruding portion 26a
fixed in the vicinity of a portion behind the third protruding
portion 27a and in a rear end of the upper frame. The second
protruding portion 21a has a groove 215 extending in the
longitudinal direction parallel to the upper frame 11. By
disengageably engaging a first pivot point 20 to be described
later into the groove 215 so that the first pivot point 20 can
move slidably in the groove 215, a slide guide 21 is formed.
The first pivot point 20 is, for example, a driving side upper
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slide pivot point (support axis). The fourth protruding portion
26a has a groove 265 extending in the longitudinal direction
parallel to the upper frame 11. By disengageably engaging a
seventh pivot point 25 to be described later into the groove
2656 so that the seventh pivot point 25 can move slidably in the
groove 265, a slide guide 26 is formed. The seventh pivot
point 25 is, for example, a driven side upper slide pivot point
(support axis).

The base frame 12 is arranged so as to face the upper frame
11. The base frame 12 includes a fifth protruding portion 194
fixed so as to face the first protruding portion 22a of the upper
frame 11, and a sixth protruding portion 24« fixed so as to face
the third protruding portion 27a of the upper frame 11. There-
fore, a mounting surface 12x of the base frame 12 and a
loading surface 11x of the upper frame 11 are arranged so as
to be vertical to a straight line connecting a second pivot point
19 and a third pivot point 22 to be described later. The mount-
ing surface 12x of the base frame 12 and the loading surface
11x of the upper frame 11 are arranged so as to be vertical to
a straight line connecting an eighth pivot point 24 and a ninth
pivot point 27 to be described later. The second pivot point 19
is, for example, a driving side lower fixed pivot point (support
axis). The third pivot point 22 is, for example, a driving side
upper fixed pivot point (support axis). The eighth pivot point
24 is, for example, a driven side lower fixed pivot point
(support axis). The ninth pivot point 27 is, for example, a
driven side upper fixed pivot point (support axis). The loading
surface 11x is, for example, a lifting item contact surface for
loading a lifting item.

As shown in FIGS. 1A and 1B, when seen from a side
surface, the upper frame 11 is arranged in parallel with the
base frame 12. In detail, when seen from the side surface, the
loading surface 11x of the upper frame 11 is arranged in
parallel with the mounting surface 12x of the base frame 12.

The link mechanism 80 is arranged between the upper
frame 11 and the base frame 12. The link mechanism 80 is
formed by various arms (the first arm 13, the second arm 14,
the third arm 15, the fourth arm 16, and the fifth arm 17). This
link mechanism 80 functions as one example of a link mecha-
nism, and lifts and lowers the upper frame 11 with respect to
the base frame 12.

The link mechanism 80 is formed by a first link mechanism
80a and a second link mechanism 805. The first link mecha-
nism 80a is, for example, a driving side link mechanism, and
the second link mechanism 805 is, for example, a driven side
link mechanism.

The first link mechanism 80a is formed by at least the first
arm 13 and the second arm 14. The second link mechanism
8056 is formed by at least the third arm 15 and the fourth arm
16. The first arm 13 and the third arm 15 each are one example
of'a T-shaped arm. The second arm 14 is one example of an
L-shaped arm. The fourth arm 16 is one example of an
I-shaped arm.

The T-shaped arm is provided with connections at four
points. The connections at four points of the T-shaped arm are
connections at three points placed on a first straight line, and
an offset connection at one point positioned on a second
straight line which is inclined by a predetermined angle with
respect to the first straight line from the center connection.

Connections at four points of the first arm 13 are a first
connection 134, a second connection 135, a third connection
13¢, and a fourth connection 134. Specifically, these connec-
tions at four points are connections at three points placed on
the first straight line SL.1 between an upper end part and a
lower end part of the first arm 13 (the first connection 134, the
second connection 135, and the third connection 13¢), and an
offset connection (the fourth connection 134) at one point
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positioned on a second straight line SL.2 which is inclined by
apredetermined angle 61 with respect to the first straight line
SL1 from the center second connection 135. The first con-
nection 13a is the second pivot point 19, the second connec-
tion 1354 is a fourth pivot point 23, the third connection 13¢ is
the first pivot point 20, and the fourth connection 134 is a fifth
pivot point 29.

Connections at four points of the third arm 15 are an eighth
connection 154, a ninth connection 1554, a tenth connection
15¢, and an eleventh connection 15d. Specifically, these con-
nections at four points are connections at three points placed
on a first straight line SL5 between an upper end part and a
lower end part of the third arm 15 (the eighth connection 154,
the ninth connection 155, and the tenth connection 15¢), and
an offset connection (the eleventh connection 15d) at one
point positioned on a second straight line SL6 which is
inclined by a predetermined angle 62 with respect to the first
straight line SL5 from the center ninth connection 1556. The
eighth connection 154 is the eighth pivot point 24, the ninth
connection 154 is a tenth pivot point 28, the tenth connection
15c¢ is the seventh pivot point 25, and the eleventh connection
154 is an eleventh pivot point 30.

The L-shaped arm is provided with connections at three
points. The connections at three points of the L-shaped arm
are connections at two points, and an offset connection at one
point positioned on a fourth straight line which is inclined by
a predetermined angle with respect to a third straight line
connecting the connections at two points.

Connections at three points of the second arm 14 are a fifth
connection 14a, a sixth connection 145, and a seventh con-
nection 14c¢. Specifically, these connections at three points are
connections (the fifth connection 14a and the sixth connec-
tion 145) at two points placed on a third straight line SL3
between an upper end part and an intermediate part of the
second arm 14, and an offset connection (the seventh connec-
tion 14¢) at one point positioned on a fourth straight line SL.4
which is inclined by a predetermined angle 63 with respect to
the third straight line SL.3. The fifth connection 14a is the
third pivot point 22, the sixth connection 145 is the fourth
pivot point 23, and the seventh connection 14¢ is a sixth pivot
point 32.

It should be noted that the [.-shaped arm can function as a
T-shaped arm by extending a part thereof. Therefore, the
L-shaped arm in this embodiment includes the T-shaped arm.
For example, although described in detail later, an eighth arm
211 of FIG. 5B is a modification of the second arm 14.

The I-shaped arm is provided with connections at two
points in both ends of the longitudinal direction.

The fourth arm 16 is provided with connections at two
points in both ends in the longitudinal direction, that is, a
twelfth connection 164 in an upper end part, and a thirteenth
connection 165 in a lower end part. The twelfth connection
164 is the ninth pivot point 27, and the thirteenth connection
165 is the tenth pivot point 28.

The first connection 13a serving as the lower end part of the
first arm 13 is rotatably connected to the fifth protruding
portion 19a of the base frame 12 at the second pivot point 19.
The third connection 13¢ serving as the upper end part of the
first arm 13 is connected to the upper frame 11 slidably by the
slide guide 21. Specifically, by disengageably engaging the
first pivot point 20 into the groove 215 of the second protrud-
ing portion 21a of the upper frame 11, the third connection
13¢ ofthe first arm 13 is slidably connected to the upper frame
11.

The fifth connection 144 serving as the upper end part of
the second arm 14 is rotatably connected to the first protrud-
ing portion 22a of the upper frame 11 at the third pivot point



US 9,050,223 B2

5

22. The sixth connection 145 of the second arm 14 is rotatably
connected to the second connection 135 of the first arm 13 at
the fourth pivot point 23. The fourth pivot point 23 is, for
example, a driving side arm connection pivot point (support
axis).

The eighth connection 154 serving as the lower end part of
the third arm 15 is rotatably connected to the sixth protruding
portion 24a of the base frame 12 at the eighth pivot point 24.
The tenth connection 15¢ serving as the upper end part of the
third arm 15 is connected to the upper frame 11 slidably by the
slide guide 26. Specifically, by disengageably engaging the
seventh pivot point 25 into the groove 265 of the fourth
protruding portion 26a of the upper frame 11, the tenth con-
nection 15¢ serving as the upper end part of the third arm 15
is slidably connected to the upper frame 11.

The twelfth connection 16a serving as the upper end part of
the fourth arm 16 is rotatably connected to the third protrud-
ing portion 27a of the upper frame 11 at the ninth pivot point
27. The thirteenth connection 165 serving as the lower end
part of the fourth arm 16 is rotatably connected to the ninth
connection 154 of the third arm 15 at the tenth pivot point 28.
The tenth pivot point 28 is, for example, a driven side arm
connection pivot point (support axis).

A driving side end part of the fifth arm 17 is rotatably
connected to the fourth connection 134 of the first arm 13 at
the fifth pivot point 29. The fifth pivot point 29 is, for example,
a driving side lower coupling arm pivot point (support axis).
A driven side end part of the fifth arm 17 is rotatably con-
nected to the eleventh connection 154 of the third arm 15 at
the eleventh pivot point 30. The eleventh pivot point 30 is, for
example, a driven side lower coupling arm pivot point (sup-
port axis). An end part 185 of the linear actuator 18 is rotat-
ably connected to an actuator fixing portion 31 of the fifth arm
17 in the vicinity of the driving side end part. The actuator
fixing portion 31 is positioned between the fifth pivot point 29
and the eleventh pivot point 30.

One end part 185 of the linear actuator 18 is rotatably
connected to the actuator fixing portion 31 on the fiftharm 17,
and the other end part 184 is rotatably connected to the sev-
enth connection 14¢ of the second arm 14 at the sixth pivot
point 32. The sixth pivot point 32 is, for example, a driving
side lower coupling arm pivot point (support axis). The linear
actuator 18 is connected to any arms of the link mechanism 80
(the first arm 13, the second arm 14, the third arm 15, the
fourth arm 16, and the fitth arm 17), so as to drive to lift and
lower the upper frame 11 with respect to the base frame 12.

As shown on the left side of FIG. 2, a distance between
center of the second pivot point 19 and center of the fourth
pivot point 23 is defined as L1. A distance between center of
the first pivot point 20 and the center of the fourth pivot point
23 is defined as L.2. A distance between center of the fifth
pivot point 29 and the center of the fourth pivot point 23 is
defined as [.3. A distance between center of the sixth pivot
point 32 and the center of the fourth pivot point 23 is defined
as L7. A distance between center of the third pivot point 22
and the center of the fourth pivot point 23 is defined as .8. A
predetermined angle made by a straight line (part of the first
straight line SL.1) connecting the center of the first pivot point
20 and the center of the fourth pivot point 23 and a straight
line (the second straight line SI.2) connecting the center of the
fifth pivot point 29 and the center of the fourth pivot point 23
is defined as 01. A predetermined angle made by a straight
line (the third straight line SL.3) connecting the center of the
sixth pivot point 32 and the center of the fourth pivot point 23
and a straight line (the fourth straight line SI.4) connecting the
center of the third pivot point 22 and the center of the fourth
pivot point 23 is defined as 83. An angle made by a straight
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6

line connecting the third pivot point 22 and the fourth pivot
point 23 and a straight line connecting the second pivot point
19 and the fourth pivot point 23 is defined as 611. An angle
made by a straight line connecting the fifth pivot point 29 and
the fourth pivot point 23 and a straight line connecting the
sixth pivot point 32 and the fourth pivot point 23 is defined as
012. It should be noted that in the embodiment, the second
pivot point 19, the first pivot point 20, and the fourth pivot
point 23 are arranged on the same straight line (the first
straight line SL.1).

Further, as shown on the right side of FIG. 2, a distance
between center of the eighth pivot point 24 and center of the
tenth pivot point 28 is defined as [ 4. A distance between
center of the seventh pivot point 25 and the center of the tenth
pivot point 28 is defined as LL5. A distance between center of
the eleventh pivot point 30 and the center of the tenth pivot
point 28 is defined as [.6. A distance between center of the
ninth pivot point 27 and the center of the tenth pivot point 28
is defined as [.9. A predetermined angle made by a straight
line (part of the first straight line SL5) connecting the center
of the seventh pivot point 25 and the center of the tenth pivot
point 28 and a straight line (the second straight line SL6)
connecting the center of the eleventh pivot point 30 and the
center of the tenth pivot point 28 is defined as 62. It should be
noted that in the embodiment, the center of the eighth pivot
point 24, the center of the seventh pivot point 25, and the
center of the tenth pivot point 28 are arranged on the same
straight line (the first straight line SL5).

When the inventors variously examined regarding the lift-
ing apparatus 10 formed in such a way, it was found that by
setting the configuration of the link mechanism 80 under a
predetermined condition, a load applied to the linear actuator
18 by a heavy item loaded on the loading surface 11x of the
upper frame 11 becomes substantially constant without
depending on a position (height) of the upper frame 11. Spe-
cifically, it was found that with a triangular-shape formed by
the fourth pivot point 23, the second pivot point 19, and the
third pivot point 22, and a triangular-shape formed by the
fourth pivot point 23, the fifth pivot point 29, and the sixth
pivot point 32 as similar shapes in FIG. 2, the load applied to
the linear actuator 18 becomes substantially constant without
depending on the position (height) of the upper frame 11.
Further specifically, it was found that with L1=[.8 and [.3=1.7
and the angle 611=012 in FIG. 2, the load applied to the linear
actuator 18 becomes substantially constant without depend-
ing on the position (height) ofthe upper frame 11. It should be
noted that at this time, in the link mechanism 80,
L1=12=1.8=14=15-19, 13=L7=L6, and the angle
01=02=03=90°. In the link mechanism 80 of the embodi-
ment, the triangular-shape formed by the fourth pivot point
23, the second pivot point 19, and the third pivot point 22, and
a triangular-shape formed by the tenth pivot point 28, the
ninth pivot point 27, and the eighth pivot point 24 have the
same shape.

Further, it was found that at this time, as the angle 61 (=03)
is more different from 90°, the load applied to the linear
actuator 18 in accordance with the position of the upper frame
11 is changed more.

Itshould be noted that the load applied to the linear actuator
18 is obtained by multiplying the load by the heavy item
loaded on the loading surface 11x of the upper frame 11 by a
constant calculated by [.1/1.3.

In the embodiment, the triangular-shape formed by the
fourth pivot point 23, the sixth pivot point 32, and the fifth
pivot point 29, and the triangular-shape formed by the third
pivot point 22, the fourth pivot point 23, and the second pivot
point 19 are isosceles triangular-shapes having an apex angle
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of 2a. (=011=612) which are similar shapes. The angle cis an
angle made by the loading surface 11x of the upper frame 11
orthe mounting surface 12x of the base frame 12and L1 or .2
(the first straight line SL.1).

The linear actuator 18 is arranged so as to connect the sixth
pivot point 32 and the fifth pivot point 29. A change amount of
a distance between the sixth pivot point 32 and the fifth pivot
point 29 is a drive amount of the linear actuator 18. A distance
between the third pivot point 22 and the second pivot point 19
is lifting height, and a change amount of the distance between
the third pivot point 22 and the second pivot point 19 is a
lifting amount. Therefore, a ratio between the drive amount of
the linear actuator 18 and the lifting amount is L.1/L.3. As a
result, the load applied to this lifting apparatus 10 becomes
always constant without depending on the angle .

It should be noted that in the embodiment, positional rela-
tionships between the pivot points of the third arm 15 are the
same as the first arm 13 with L1=014, L.2=15, L3=L6, and
01=02. Regarding the second arm 14 and the fourth arm 16,
L8=L9.

FIG. 3 is a perspective view of a separation type bed 40 in
which the lifting apparatus 10 of the embodiment is used.
FIG. 4A is a perspective view of the time when the separation
type bed 40 is deformed into a bed state. FIG. 4B is an
enlarged segmentary view in the perspective view of the
separation type bed 40. FIG. 4C is an enlarged segmentary
view in a plan view of the separation type bed 40.

As shown in FIG. 3, the separation type bed 40 is formed by
a bed unit 50 and a wheelchair unit 60.

The bed unit 50 includes the above lifting apparatus 10
inside thereof, and is formed in such a manner that a support
member in an upper part of the bed unit 50 is lifted and
lowered by the lifting apparatus 10 with respect to a base of
the bed unit 50. The support member of the bed unit 50 is a
member for supporting a mattress or the like on which a user
lies. The wheelchair unit 60 is stored in a storage space 51
provided in a part on one side in the width direction in the bed
unit 50 so as to form the bed state. In this bed state, the
wheelchair unit 60 is lifted and lowered together with the
upper frame 11 by the lifting apparatus 10. In the bed unit 50,
the fifth arm 17 and the linear actuator 18 are arranged only on
one side (on the far side in FIG. 3) in the width direction of the
bed unit 50 but not arranged on the other side (on the near side
in FIG. 3) in the width direction of the bed unit 50 where the
storage space 51 is provided. With such a configuration, the
large storage space 51 is ensured in the bed unit 50.

The wheelchair unit 60 includes two armrests 61, an opera-
tion unit 62 provided in a front end of one of the armrests 61
(on the side opposite to the bed unit 50 at the time of combi-
nation), a seat unit 63 to be deformed from a chair form into
a flat form by an input of the operation unit 62, and four
wheels 64 for moving the wheelchair unit 60.

The separation type bed 40 of the embodiment can be
deformed from a separated state in which the bed unit 50 and
the wheelchair unit 60 are separated into the bed state in
which the bed unit 50 and the wheelchair unit 60 are com-
bined and the entire surfaces of the bed unit 50 and the
wheelchair unit 60 are brought into a flat form, by moving the
wheelchair unit 60 to the storage space 51 by the input of the
operation unit 62 by an operator, and then bringing the seat
unit 63 into a flat form. As shown in FIG. 4A, the separation
type bed 40 deformed into the bed state integrally lifts and
lowers the bed unit 50 and the wheelchair unit 60 at the same
time by the lifting apparatus 10 provided inside thereof.

Side rails 65 are installed on side surfaces of the separation
type bed 40, and the user can be prevented from falling from
the side surfaces of the separation type bed 40 by the side rails
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8
65. As shown in FIGS. 4B and 4C, the side rails 65 are
inserted into side rail holders 66 provided in the bed unit 50
and the wheelchair unit 60 from the side.

FIG. 5A is a configuration view of a lifting apparatus 100
serving as a different configuration of the lifting apparatus 10
and a first different configuration of the embodiment. FIG. 5B
is a configuration view of a lifting apparatus 200 serving as a
different configuration of the lifting apparatus 10 and a sec-
ond different configuration of the embodiment.

As shown in FIG. 5A, the lifting apparatus 100 serving as
the first different configuration of the embodiment includes
an upper frame 11, a base frame 12, a first arm 13, a second
arm 14, a sixth arm 111, a seventh arm 112, a fiftharm 17, and
a linear actuator 18. That is, the lifting apparatus 100 serving
as the first different configuration has a different driven side
arm configuration from the above lifting apparatus 10. The
second arm 14 and the seventh arm 112 are respectively one
example of the L-shaped arm, and the sixth arm 111 is one
example of the I-shaped arm. The first arm 13 and the second
arm 14 are a first link mechanism. The sixth arm 111 and the
seventh arm 112 are a second link mechanism. The sixth arm
111 has a fourteenth connection 111a, a fifteenth connection
1114, and a sixteenth connection 111¢ in order on one straight
line SL.8 obliquely upward from the lower side. The seventh
arm 112 has a seventeenth connection 112a and an eighteenth
connection 1125 arranged in order obliquely downward from
the upper side, and a nineteenth connection 112¢ positioned
on a straight line SL.10 which is inclined by a predetermined
angle 64 with respect to a straight line SL9 connecting the
seventeenth connection 1124 and the eighteenth connection
11254, the straight line passing S[.10 through the eighteenth
connection 1125. The angle 04 is the same angle as the angle
03.

The fifteenth connection 1115 of the sixth arm 111 and the
eighteenth connection 1125 of the seventh arm 112 are rotat-
ably connected at a fourteenth pivot point 114. In the lifting
apparatus 100, a sixth pivot point 32 of the second arm 14 and
a thirteenth pivot point 115 of the seventh arm 112 are con-
nected by the fifth arm 17. An actuator fixing portion 31 onthe
fifth arm 17 and a fifth pivot point 29 of the first arm 13 are
connected by the linear actuator 18.

In the lifting apparatus 100 of the first different configura-
tion, lengths of the arms are the same i.e. the straight line
SL8=the straight line SL5, the straight line S[.9=the straight
line SL.7, and the straight line SL.10=the straight line SL.4.
Therefore, a triangular-shape formed by a fourth pivot point
23, a second pivot point 19, and a third pivot point 22, and a
triangular-shape formed by the fourteenth pivot point 114, a
ninth pivot point 27, and an eighth pivot point 24 have the
same shape. A triangular-shape formed by the fourth pivot
point 23, the sixth pivot point 32, and the third pivot point 22,
and a triangular-shape formed by the fourteenth pivot point
114, the ninth pivot point 27, and the thirteenth pivot point
115 have the same shape.

Regarding the fifth pivot point 29 or the sixth pivot point
32, the direction of the pivot point not connected to the linear
actuator 18 with respect to the pivot point connected to the
linear actuator 18 is defined as a determination direction 113.
By arranging the actuator fixing portion 31 of the lifting
apparatus 100 in the opposite direction to the determination
direction 113 with respect to the pivot point connected to the
linear actuator 18, the direction of a load applied to the linear
actuator 18 in the lifting apparatus 100 is reversed from the
load applied to the linear actuator 18 in the above lifting
apparatus 10, so that a tensile load is added. As a result, the
lifting apparatus 100 of the first different configuration is
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particularly effective in a case where the linear actuator 18 has
a favorable characteristic with respect to tension.

As shown in FIG. 5B, the lifting apparatus 200 serving as
the second different configuration of the embodiment is
formed by an upper frame 11, a base frame 12, a first arm 13,
an eighth arm 211, a fifth arm 17, and a linear actuator 18.
That is, the lifting apparatus 200 serving as the second dif-
ferent configuration has only a driving side arm configuration
without a driven side arm configuration, and has a different
driving side arm configuration from the above lifting appara-
tus 10. Each of the first arm 13 and the eighth arm 211 is one
example of the T-shaped arm. The eighth arm 211 is the
modification of the second arm 14.

In the lifting apparatus 200, the eighth arm 211 is con-
nected to other members at a third pivot point 22, a twelfth
pivot point 212, a fourth pivot point 23, and a sixth pivot point
32. Specifically, the eighth arm 211 is rotatably coupled to the
upper frame 11 at the third pivot point 22, slidably connected
to a slide guide 213 provided in the base frame 12 at the
twelfth pivot point 212, and rotatably coupled to the first arm
13 at the fourth pivot point 23. The slide guide 213 has a
similar structure to the slide guide 21. That is, the base frame
12 has a fixed protruding portion 213a, the protruding portion
213a has a groove 2135 extending in the longitudinal direc-
tion, and the twelfth pivot point 212 is disengageably engaged
into the groove 2135 so as to be slidably movable, thereby
forming the slide guide 213. The twelfth pivot point 212 is, for
example, a driving side lower slide pivot point (support axis).
The fifth arm 17 is rotatably connected to a fifth pivot point 29
of the first arm 13.

In the lifting apparatus 200 of the second different configu-
ration, a triangular-shape formed by the fourth pivot point 23,
a second pivot point 19, and the third pivot point 22, and a
triangular-shape formed by the fourth pivot point 23, a fifth
pivot point 29, and the sixth pivot point 32 are similar shapes.
In the second different configuration, when the sum of an
angle (01) made by a segment (first straight line) connecting
the second pivot point 19 and a first pivot point 20 and a
segment (second straight line) connecting the fourth pivot
point 23 and the fifth pivot point 29, and an angle (63) made
by a segment (third straight line) connecting the third pivot
point 22 and the twelfth pivot point 212 and a segment (fourth
straight line) connecting the fourth pivot point 23 and the
sixth pivot point 32 is 180°, a load applied to the linear
actuator 18 by a heavy item loaded ona loading surface 11x of
the upper frame 11 can be substantially constant without
depending on a distance between the upper frame 11 and the
base frame 12. That is, in the second different configuration,
with 81+063=180°, the load applied to the linear actuator 18
can be constant.

In the lifting apparatus 200, by connecting the linear actua-
tor 18 to the sixth pivot point 32 of the eighth arm 211 and an
actuator fixing portion 31 of the fifth arm 17, the load applied
to the linear actuator 18 by the heavy item loaded on the
loading surface 11.x of theupper frame 11 can be substantially
constant without depending on the distance between the
upper frame 11 and the base frame 12.

According to the above embodiment, the lifting apparatus
in which the load applied to the linear actuator 18 becomes
constant without depending on the distance between the
upper frame 11 and the base frame 12, and the bed provided
with the same can be provided.

By appropriately combining arbitrary embodiments or
modifications among the above various embodiments and
modifications, effects provided in the embodiments or the
modifications can be obtained.
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It should be noted that although the example of the bed
provided with the lifting apparatus is described in the embodi-
ment, the lifting apparatus of the present invention can be
utilized for various devices provided with a lifting device in
addition to the bed.

The lifting apparatus according to the present invention
and the bed provided with the same are particularly useful for
a nursing care bed for lifting and lowering a care-receiver
within a wide range, and useful in an ordinary house, a hos-
pital facility, or a nursing care facility where the care-receiver
in need of care resides.

Although the present invention has been fully described in
connection with the embodiments thereof with reference to
the accompanying drawings, it is to be noted that various
changes and modifications are apparent to those skilled in the
art. Such changes and modifications are to be understood as
included within the scope of the present invention as defined
by the appended claims unless they depart therefrom.

What is claimed is:

1. A lifting apparatus comprising a link mechanism lifting
and lowering an upper frame with respect to a base frame,
wherein

the link mechanism comprises:

a first arm slidably supported on the base frame or the
upper frame, the first arm including first, second, and
third connections placed on a first straight line in
order, and a fourth connection positioned on a second
straight line which is inclined by a predetermined
angle with respect to the first straight line from the
second connection;

a second arm including fifth and sixth connections, and
a seventh connection positioned on a fourth straight
line which is inclined by a predetermined angle with
respect to a third straight line connecting the fifth and
sixth connections, the fourth straight line passing
through the sixth connection; and

a fifth arm connected to the fourth connection of the first
arm,

the second connection of the first arm and the sixth con-
nection of the second arm are rotatably connected,

a linear actuator has one end connected to the fifth connec-
tion and the other end connected to the seventh connec-
tion of the second arm,

by driving the link mechanism with using the linear actua-
tor, the upper frame is relatively lifted and lowered with
respect to the base frame,

the link mechanism further comprises:

a first link mechanism on a driving side connected to the
linear actuator, the first link mechanism including the
first arm and the second arm; and

a second link mechanism on a driven side,

the fifth arm connects the first link mechanism and the
second link mechanism, and

the second link mechanism comprises:

a T-shaped third arm slidably supported on the base
frame or the upper frame, the third arm including
eighth, ninth, and tenth connections placed on a fifth
straight line in order, and an eleventh connection posi-
tioned on a sixth straight line which is inclined by a
predetermined angle with respect to the fifth straight
line from the ninth connection; and

an I-shaped fourth arm including twelfth and thirteenth
connections, and

the ninth connection of the third arm and the thirteenth
connection of the fourth arm are rotatably connected.
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2. The lifting apparatus according to claim 1, wherein
a triangular-shape formed by the second connection, the
fifth connection, and the first connection, and a triangu-
lar-shape formed by the second connection, the fourth
connection, and the seventh connection are similar
shapes.
3. The lifting apparatus according to claim 2, wherein
the first arm is a T-shaped arm, and
the second arm is an L-shaped arm.
4. The lifting apparatus according to claim 2, wherein
the second connection is positioned in center of a segment
connecting the first connection and the third connection.
5. The lifting apparatus according to claim 2, wherein
the second link mechanism comprises:
a sixth arm including fourteenth, fifteenth, and sixteenth
connections; and
a seventh arm including seventeenth and eighteenth con-
nections, and a nineteenth connection positioned on a
seventh straight line which is inclined by a predeter-
mined angle with respect to an eighth straight line
connecting the seventeenth and eighteenth connec-
tions, the seventh straight line passing through the
eighteenth connection, and
the fifteenth connection of the sixth arm and the eigh-
teenth connection of the seventh arm are rotatably
connected.
6. The lifting apparatus according to claim 2, wherein
the link mechanism comprises the first arm, and a T-shaped
sixth arm formed on the third straight line connecting the
fifth and sixth connections in the second arm and
extended so as to have another connection on an oppo-
site side of the fifth connection with respect to the sixth
connection.
7. The lifting apparatus according to claim 2, wherein
the predetermined angle is 90°.
8. The lifting apparatus according to claim 2, wherein
a sum of an angle made by the first straight line and the
second straight line, and an angle made by the third
straight line and the fourth straight line is 180°.
9. A bed, comprising:
the lifting apparatus according to claim 2; and
abed unit to be lifted and lowered by the lifting apparatus.
10. The lifting apparatus according to claim 1, wherein
the first arm is a T-shaped arm, and
the second arm is an L-shaped arm.
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11. The lifting apparatus according to claim 1, wherein

the second connection is positioned in center of a segment
connecting the first connection and the third connection.

12. The lifting apparatus according to claim 1, wherein

the predetermined angle is 90°.

13. The lifting apparatus according to claim 1, wherein

a sum of an angle made by the first straight line and the
second straight line, and an angle made by the third
straight line and the fourth straight line is 180°.

14. A bed, comprising:

the lifting apparatus according to claim 1; and

a bed unit to be lifted and lowered by the lifting apparatus.

15. A lifting apparatus according to claim 1, comprising a

link mechanism lifting and lowering an upper frame with
respect to a base frame, wherein

the link mechanism comprises:

a first arm slidably supported on the base frame or the
upper frame, the first arm including first, second, and
third connections placed on a first straight line in
order, and a fourth connection positioned on a second
straight line which is inclined by a predetermined
angle with respect to the first straight line from the
second connection;

a second arm including fifth and sixth connections, and
a seventh connection positioned on a fourth straight
line which is inclined by a predetermined angle with
respect to a third straight line connecting the fifth and
sixth connections, the fourth straight line passing
through the sixth connection; and

a third arm connected to the fourth connection of the first
arm,

the second connection of the first arm and the sixth con-
nection of the second arm are rotatably connected,

a linear actuator has one end connected to the fifth connec-
tion and the other end connected to the seventh connec-
tion of the second arm,

by driving the link mechanism with using the linear actua-
tor, the upper frame is relatively lifted and lowered with
respect to the base frame, and

the link mechanism comprises the first arm, and a T-shaped
fourth arm formed on the third straight line connecting
the fifth and sixth connections in the second arm and
extended so as to have another connection on an oppo-
site side of the fifth connection with respect to the sixth
connection.



